This study aimed to determine the association between the polymorphisms and haplotypes in the xeroderma pigmentosum group D (XPD) gene and the risk of pancreatic cancer in the Chinese Han population. SNaPshot was used for genotyping six SNP sites of the XPD gene. Comparisons of the correlations between different genotypes in combination with smoking and the susceptibility to pancreatic cancer were performed. Individual pancreatic cancer risk in patients who carry mutant C alleles (AC, CC, and AC+CC) at rs13181 increased (p < 0.05). Taking non-smoking individuals who carry the AA genotype as a reference, and non-smoking individuals who carry mutant allele C (AC+CC), the risk of pancreatic cancer increased by 3.343 times in individuals who smoked ³ 20 cigarettes daily, 3.309 times in individuals who smoked ³ 14 packs per year, 5.011 times in individuals who smoked ³ 24 packs per year, and 4.013 times in the individuals who smoked ³ 37 packs per year (P < 0.05). In addition, haplotype analysis revealed that haplotype AGG, which comprised rs13181, rs3916874 and rs238415, was associated with a 1.401-fold increase in pancreatic cancer risk (p < 0.05). We conclude that the polymorphism of XPD Lys751Gln (rs13181) in combination with smoking contributes to increased risk of pancreatic cancer in the Chinese Han population. Haplotype AGG might be a susceptibility haplotype for pancreatic cancer.
Introduction
Pancreatic cancer (PC) is highly malignant, has an insidious onset, and lacks early diagnostic methods. Furthermore, more than 80% of patients have lost their chance of surgery when they first visit a doctor, and overall five-year survival rate is approximately 5% (Siegel et al., 2013) . To date, the exact mechanism of PC remains unknown. Smoking, type 2 diabetes mellitus (T2DM), body mass index, alcohol consumption, and family history are the most consistent epidemiological risk factors for PC (Larsson et al., 2007; Maisonneuve and Lowenfels,2010; Jacobs et al., 2010) . Multiple cohort and case-control studies have consistently demonstrated an association between PC and cigarette smoking, particularly among heavy smokers (Iodice et al., 2008; Bosetti et al., 2012) .
A study reported that carcinogens from cigarettes may reach the pancreas via blood, or may return via bile, so contents of DNA-carcinogen adducts in smokers are higher than in non-smokers (Talamini et al., 2010) . The human xeroderma pigmentosum group D (XPD) gene can repair damage induced by bulky DNA adducts and maintain genomic stability. XPD are the major components of nucleotide excision repair (NER) pathway and transcription factor IIH (TFIIH), which are involved in gene transcription and NER by unwinding DNA around the lesion (Benhamou and Sarasin, 2005) . It has been reported that mutations of the XPD gene diminish its helicase activity, resulting in defective NER capacity for bulky DNA adducts and transcriptional activity, and in an abnormal response to apoptosis (Taylor et al., 1997) . Mutations and defects in XPD gene may be closely related to tumorigenesis. The most widely investigated XPD polymorphism in association with cancer susceptibility comprise a non-synonymous A to C substitution in exon 23 causing a lysine (Lys) to glutamine (Gln) substitution in codon 751 (Lys751Gln, rs13181) (Shen et al., 1998; Benhamou and Sarasin, 2002) . Some studies have reported significant associations between codon 751 variants and predisposition to many types of cancer, including melanoma (Kertat et al., 2008) , lung (Wu and Ding, 2014) , head and neck (Yuan et al., 2011) , bladder (Xiong et al., 2014) , and breast (Yan et al., 2014) . The variant genotypes are both associated with lower DNA repair capacity and a higher level of DNA adducts left in the genome (Shen et al., 1998; Lunn et al., 2000; Benhamou and Sarasin, 2002) . A few studies investigated the association of XPD genotype with PC risk (Jiao et al., 2007; McWilliams et al., 2008) . However, the results of these reports remain inconclusive and none investigated the Chinese Han population, which is genetically conservative and different from Western populations.
Tagging SNP (tag-SNP) can improve validity of analyzing the correlation between candidate genes and disease. In the current study, to better understand the pivotal roles of XPD, we adopted tag-SNP with SNP to enroll functional site -codon 751. Because of the known ethnic variation in PC risk and genotype distribution, the current study focused on the Chinese Han population only, and analyzed the contribution of XPD genotypes to PC susceptibility and their interactions with smoking and other clinical factors.
Materials and Methods

Study subjects
A total of 226 patients with pancreatic cancer, who were admitted in the Affiliated Tumor Hospital of Xinjiang Medical University and the First Affiliated Hospital of Xinjiang Medical University from December 2007 to August 2015, were enrolled in this study. Among these patients, 140 underwent pancreaticoduodenectomy, 23 underwent 125 I implantation and palliative surgery (biopsy was performed during surgery), 59 underwent pancreatic body and tail (combined with spleen) resection, and four underwent CT-guided fine needle puncture biopsy. All patients were confirmed as having PC by histopathological examination. Two hundred and sixty-three subjects, who were admitted in the First Affiliated Hospital of Xinjiang Medical University during the same period and had no previous history of pancreatic disease were assigned as controls after initial random sampling. The exclusion criteria of the case and control groups included previous malignancy, metastasized cancer from other or unknown origin, and incomplete general information.
All enrolled participants were volunteers from the Chinese Han population. They completed a questionnaire and provided peripheral blood samples. Demographic information including age, gender, smoking and drinking status and other factors were obtained through a structured questionnaire interview. Subjects with continuous or cumulative smoking history for six months or more were defined as smokers, and the cumulative amount of smoking was calculated as packs/year = daily smoking amounts/20 x years of smoking. Drinking was defined as having at least one drink every week for more than six months (Qian et al., 2014) . Body mass index (BMI) was calculated from height and weight using the BMI formula (BMI=weight in kilogram divided by the square of height in meters). Diabetes and family medical history were obtained by self-report using a questionnaire at the time of enrollment. All patients signed an informed consent. The study protocol was approved by the Ethical Committee of the First Affiliated Hospital of Xinjiang Medical University.
Blood collection and DNA extraction
Three milliliters of peripheral blood collected from each participant was placed in EDTA tubes, and stored in a freezer at -80°C within 30 min after it was collected. The genomic DNAs were extracted from blood samples using a DNA blood kit (BioTeke, Beijing, China), according to manufacturer's instructions.
SNP selection and genotyping
According to the Hapmap database (http://hapmap.ncbi.nlm.nih.gov/), data were analyzed using HaploView 4.0 software, minor allele frequency was adjusted to 0.15, the lower limit of linkage disequilibrium (D') was greater than 0.8, and an r 2 of 0.8 was selected as the threshold for the analyses. As a result, 5 tag-SNPs (rs3916874, rs238415, rs50872, rs50871 and rs238406) were selected from the HapMap covering the XPD gene. XPD codon 751 (rs13181), which is the most studied in the literature, was the functional site that encoded nonsynonymous amino acid changes, and was enrolled into this study as well.
PCR primers and extended primers (Table 1) were designed using the Primer5 software. PCR assays were set up as follows: 1 mL of 10 x hot start Taq buffer, 1.2 mL of MgCl 2 , 1.5 mL of deoxy-ribonucleoside triphosphate (dNTP) mixture, 0.2 mL of hot start Taq DNA polymerase (Qiagen,GER), 1 mL of sample DNA, 1 mL of multiple PCR primers, and ultra pure water was added to produce 10 mL. Reaction conditions were as follows: pre-denaturation at 95°C for 2 min, 11 cycles of 94°C for 20 s, 65°C for 40 s and 72°C for 90 s, followed by an extension step at 72°C for 2 min and cooling to 4°C. PCR products were purified using an Exo/SAP protocol (Applied Biosystems, Foster City, CA, USA) according to the manufaccturers instructions. The PCR products were labeled by the alkaline phosphatase-labeled streptavidin biotin/exonuclease I (ExoI) method, using 1 U of shrimp alkaline phosphatase (SAP; Promega, Madison, WI, USA) and 1 U of ExoI (New Eng-land Biolabs, Beverly, MA, USA). The labeling reaction was performed at 37°C for 1 h, followed by inactivation at 75°C for 15 min. The SNaPshot extension reaction system consisted of 5 mL of the SNaPshot multiple reaction kit agents (Applied Biosystems), 2 mL of purified multiple PCR products, and 1 mL of the extension primer mixture, and completing the volume to 10 mL with ultra pure water. The PCR cycling conditions of the primer extension reaction were as follows: pre-denaturation at 96°C for 1 min, followed by 28 cycles of 96°C for 10 s, 50°C for 5 s and 60°C for 30 s, followed by an extension step at 60°C for 1 min, and cooling to 4°C. Next, 1 U of SAP was added to the 10 mL extension product and the mixture was incubated at 37°C for 1 h then inactivated at 75°C for 15 min. For data analysis, 0.5 mL of the purified extension product were mixed with 0.5 mL of fluorescent internal standard and 9 mL of formamide reagent, and denatured at 95°C for 5 min. The products were sequenced using an ABI 3130XL automatic DNA sequencer (Applied Biosystems) and analyzed using the GeneMapper 4 software.
Statistical analysis
SPSS 19.0 statistical software was used for statistical analysis. The Hardy-Weinberg equilibrium was tested for all SNPs in the control group. Chi-squared tests were used to assess differences in the distribution of genotypes and the SNP alleles between the case and control groups. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated using multivariate unconditional logistic regression with adjustments for age and gender. Haploview software version 4.0 was used to generate linkage disequilibrium (LD) plots and assess the association between haplotypes and PC. A p-value < 0.05 was considered to be statistically significant.
Results
General characteristics
Demographic characteristics and related risk factors of the subjects are shown in Table 2 . The X 2 -test showed that differences in age, gender, alcohol, and BMI between the case group and control group were not statistically significant (p > 0.05); there was also no significant difference with respect to diabetes history and family history of cancer (p > 0.05). Therefore, the effects of confounding factors on the results were avoided.
The correlation of smoking and PC
The risk of PC did not increase in smokers compared with non-smokers (OR=1.384, 95% CI=0.896-2.259, p=0.150), but the risk of PC increased in patients whose daily smoking amount was more than 20 cigarettes (OR=1.569, 95% CI=1.005-2.448, p=0.047). According to the cumulative smoking amount, the risk of PC was in- 20 XPD Gene Polymorphism and Pancreatic Cancer Risk (Table 3) .
Correlation analysis of PC susceptibility
The genotype distributions of six SNP loci in the case and control groups were all in accordance with the HardyWeinberg equilibrium (p > 0.05, Table 4 ). The C allele frequency of the rs13181 site in patients with PC in the case group was higher than in the control group (p=0.005). Compared with individuals carrying the AA genotype, the risk of PC increased in patients carrying the mutant C allele (AC, CC, and AC+CC) was p=0.044, p=0.040, and p=0.012, respectively. There was no significant difference in the genotype and allele frequency distributions of the five selected tag-SNP loci between the case group and control group (p < 0.05; Tables 4 and 5).
A haplotype analysis was performed to evaluate the frequencies of haplotypes based on the three polymorphisms within block 1 of XPD. Block 1 includes the completely linked rs13181, rs3916874 and rs238415 (Figure 1 ). The haplotype AGG was significantly associated with increased risk of PC (OR=1.401, 95% CI=1.065-1.844, p=0.016; Table 6 ). Yan et al. 21 Influence of rs13181 polymorphism combined with smoking on the risk of PC With non-smoking individuals carrying the wild AA genotype as reference, the risk of PC did not increase in individuals carrying the AA genotype and with a smoking history (p > 0.05). The risk of PC increased by a factor of 0.384 in non-smokers carrying the mutant C allele and that were (AC+CC) (p=0.150), and in smokers carrying the mutant C allele and that were (AC+CC). Meanwhile, the risk of PC increased by 2.343 times (p=0.002) in individuals who smoked ³ 20 cigarettes daily, 2.309 times (p=0.015) in individuals who smoked ³ 14 packs per year, 3.013 times (p=0.032) in the individuals who smoked ³ 24 packs per year, and 4.011 times (p=0.010) in the individuals who smoked ³ 37 packs per year (Tables 7 and 8) . 22 XPD Gene Polymorphism and Pancreatic Cancer Risk 
Discussion
Studies have shown that the risk of breast cancer, esophageal cancer, liver cancer, lymphoma, lung cancer and melanoma was increased in individuals carrying the XPD 751Gln variant allele (Kertat et al., 2008; Yan et al., 2014; Wang et al., 2015) . However, the conclusions were not consistent. Studies conducted by Sun et al. (2015) revealed that the risk of melanoma was not increased in Caucasian populations carrying XPD 751Gln variant alleles. Furthermore, the polymorphisms of XPD Lys751Gln and Asp312Asn had no relationship with the susceptibility of non-Hodgkin's lymphoma , and meta-analysis results revealed that the polymorphism of XPD Lys751Gln was not associated with the risk of liver cancer (Zhang and Mou, 2013) .
In the present study, we investigated the association of XPD codon 751 genotypes with PC susceptibility in the Chinese Han population. The results showed that the polymorphism at 5 tag-SNP loci was not related with the genetic susceptibility to PC, but that the AC and CC genotypes of XPD codon 751 were associated with a higher risk of PC (Table 5) . Allelic frequency analysis results also revealed that the C allele of XPD codon 751 was associated with a higher risk of PC (Table 4) . Additionally, the haplotype AGG, which consists of rs13181, rs3916874 and rs238415, was associated with an increased risk of PC (Table 6 ). To the best of our knowledge, this is the first epidemiological study based on molecular genetics to determine a significant association between the XPD codon 751 genotype and the susceptibility to PC in an analysis including a genetic-lifestyle interaction. In 2007 it was first reported that the XPD codon 312 polymorphisms might be a genetic risk modifier for smoking-related PC (Jiao et al., 2007) . Subsequently, the XPD codon 312 polymorphisms was also shown to be associated with PC risk (McWilliams et al., 2008) . Since then, few reports have focused on investigating the associations of three common XPD polymorphisms (codon 156, codon 312 and codon 751) with PC risk among different ethnicities. Our positive findings for XPD codon Yan et al. 23 The results of this study revealed that the risk of PC was increased in individuals carrying the mutant allele C (AC, CC, and AC+CC) at XPD Lys751Gln compared with the wild genotype AA. Taking non-smoking individuals who carry the wild genotype AA as reference, the risk of PC was significantly increased in smokers who carry allele C (AC+CC) mutations and whose smoking amounts were ³ 20 cigarettes daily and ³ 14 packs per year. This indicates that smoking can increase the risk of PC, and that this risk is increased with the increase in daily cigarette smoking and packs per year. Furthermore, smokers who carry the XPD 751Gln variant allele are more likely to suffer from PC.
There was an interaction between the XPD Lys751Gln polymorphism and smoking, which was consistent with the results of the meta-analysis in lung cancer performed by Feng et al. (2012) . The reasoning in that analysis was as follows: (1) PC is a polygenic disease with a genetic predisposition, and approximately 10% of the patients with PC have a genetic background (Pancreatic surgery group of Chinese Surgical Society, 2014); (2) smoking is a recognized risk factor for PC (Tranah et al., 2011; Ryan et al., 2014) , and tobacco contains a variety of toxic and harmful substances that can produce free radicals, which can lead to DNA damage and cell carcinogenesis (Halliwell and Whiteman, 2004; Ozguner et al., 2005; Li et al., 2011) ; (3) studies performed by Wlodarczyk and Nowicka (2012) revealed that the DNA repair ability of individuals who carry the wild homozygote Lys/Lys combination was higher than that of individuals who are heterozygous Lys/Gln or mutant homozygous Gln/Gln. The results of this study revealed that the risk of PC was increased in individuals who carry the XPD 751Gln allele, suggesting that a codon 751 mutation may lead to a decline in DNA repair capacity and increase tumor susceptibility; (4) the XPD 751 site is located in the carboxyl terminus, and its conservation is poor. The conversion of A to C (Lys to Gln) in codon 751 may affect the interaction between its protein product and p44 (a subunit of the multi-enzyme complex TF II H), reduce helicase activity, and thereby result in defects in nucleotide excision repair. This can induce the decline in transcription activity and an abnormal response to cell apoptosis, which may increase cancer susceptibility (Egly and Coin, 2011; Wlodarczyk and Nowicka, 2012) ; (5) the polymorphism changes at other sites in the introns were not functional polymorphisms. They only played a role in splicing, in translation bypass, or in post-translational processing. Hence, they are unlikely to affect the protein function and might not be related to the risk of PC.
In summary, in individuals who carry the mutant gene, the risk of PC might be reduced through actions like quitting smoking, smoking control in public places, and early intervention in high-risk populations. The major limitations of our study were the relatively small sample size and the inclusion of Chinese Han participants only, which limits generalizability across other populations. In the future, the combined detection of more samples, and multiple gene loci will be required. Research on the interaction between genes and environment are also needed for establishing an effective mode of screening, treatment and prevention for PC. 
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